Summary.-The effects of various cytotoxic chemicals, as measured by viable cell counts, colony-forming ability and proliferative capacity, have been studied using Chinese hamster cells in exponential and plateau (stationary) phases of growth. The proliferating cells were altogether more sensitive to the action of the drugs than nonproliferating cells. However, imuran (azathioprine) a purine antimetabolite, was more effective against the plateau-phase cells. The observed response of cells to imuran could be detected at a wide range of concentrations (1-100 ,ug/ml). These findings are discussed in view of the possible ability of imuran to interfere with active metabolic processes in non-proliferating cells.
THE main aim of the present investigation was to gain insight into the relationship between the cellular effects of antineoplastic agents and the proliferative state of the exposed cell population.
There is a general agreement (Wheeler and Simpson-Herren, 1973; Clarkson, 1974; Valeriote and van Putten, 1975) that the faster the growth of a cell population, the greater is the susceptibility of that population to the cytocidal effects of antimetabolites. Indeed, numerous experimental data obtained on various cell systems definitely show that proliferating cells are altogether more sensitive to cytotoxic agents than resting cells (Bruce, Meeker and Valeriote, 1966; van Putten, Lelieveld and Kram-Jdsenga, 1972; Rajewsky, 1975) . Hence, the main way of destroying non-proliferating cells, according to the current schedules (Valeriote, 1975; Valeriote and van Putten, 1975) consists in their recruitment into the cell cycle to make them targets for the appropriate inhibitors.
However, in the course of recent years, evidence has been collected that, in some situations, the non-proliferating cells may reveal an even greater sensitivity to drugs than proliferating cells Humphrey, 1973, 1975; Twentyman and Bleehen, 1973; Hahn, Gordon and Kurkjian, 1974; Sutherland, 1974; Tobey, Oka and Crissman, 1975 ; see also Marsh, 1976, for review). Although some of the results appear to be conflicting, there is no doubt at present that, at least under certain conditions, the non-proliferating cells may be severely damaged by concentrations of drugs less toxic to the proliferating cells. In this respect, the search for cytotoxic agents directly affecting the non-proliferating cells may be of great importance for cancer therapy.
The studies reported here are concerned with the sensitivity of proliferating and non-proliferating cells to cytotoxic agents of different origin. The agents used were 1 -/-D-arabinofuranosylcytosine (ara-C), bleomycin (BLM), daunorubicin (Daun), distamycin A (DST-A) and imuran (IM) . Ara-C is an antimetabolite that kills cells by interfering with DNA synthesis through inhibition of DNA polymerase (Furth and Cohen, 1968) . BLM is a glycopeptide antibiotic arresting cells in the G2 period of the cell cycle (Tobey, 1972; Watanabe et al., 1974) . Daun, an antibiotic of the anthracycline group, has been showvn to intercalate into DNA, thus inhibiting both RNA and DNA synthesis (Di Marco, Arcamone and Zunino, 1975) . DST-A, a basic oligopeptide antibiotic, exerts the same effect, acting as an inhibitor of DNA-dependent nucleic-acid synthesis (Muiller et al., 1974) . IM is a purine antimetabolite used as an immunosuppressive agent (Berenbaum, 1967; Elion and Hitchings, 1975 Cultures wNere considered to be in the early plateau phase by the 5th-6th days of growth, when they reached a cell density of 1 .5 x 105/cm2, and at the terminal stage of this phase by the 10th day of growrth, when a decrease in cell viability was observed (Eidam and Merchant, 1965; Hahn et al., 1968) .
Drug treatment.-Ara-C (Cytosar) was purchased from the Upjohn s.a., Puurs, Belgium; BLM was kindly supplied by H. Lundbeck and Co. A/S, Copenhagen; Daun (Cerubidin) Avas obtained from Pharma Rhodia, Birkerod, Denmark; DST-A from Farmitalia Research Labs, Milan; and IM (azathioprine sodium) from Burroughs AWlellcome and Co., London. Drug solutions were prepared immediately before use to ensure against loss of activity. All drugs were dissolved in Hanks' balanced salt solution (HBSS) and then diluted to final concentrations. The drugs were used at concentrations exhibiting an optimal effect in cell-killing studies on cultured Chinese hamster cells (Barranco et al., 1973 (Barranco et al., , 1975 Tobey, 1972; Yataganas et al., 1974) . The time and duration of treatment varied, depending upon the type of the experiment. The details will be given in the following section of the paper as required.
RESULTS
A typical growth curve obtained in the present study is shown in Fig. 1 . It presents an initial lag phase, in which cells are being attached to the glass surface, followed by an exponential or log phase, and finally by a stationary or plateau phase, in which cell numbers reach a maximum level of 5 x 105 cells per ml of culture medium (-' 195 x 105/cm2). The drugs were usually added to the cultures on the 2nd day after seeding (to study the sensitivity of exponentially growing cells) and on the 6th day after seeding (to study the sensitivity of plateau-phase cells) unless otherwise indicated. During The diagram in Fig. 2 represents the results of a viable cell-counting experiment where cells were continuously incubated with drugs for 72 h, either in exponential or in the plateau phase of growth. It can be seen that growing cells (white columns) are more sensitive to the action of cytotoxic agents than non-growing cells (shaded columns). Among the examined drugs, the greatest general cytocidal effect is shown by Daun, which, under given conditions, causes a 100% reduction in number of viable cells in growing cultures and about 40% in plateau-phase cultures. In this experiment, our attention was attracted to IM, which, contrary to other drugs tested, appeared to be more effective in killing non-proliferating than proliferating cells.
We therefore made a cell-counting experiment to obtain data on the viability of exponentially growing and plateau- in either exponential or plateau-phase growth. The results in Fig. 4 show that cells treated with IM in the exponential phase (A) reveal a greater survival than those treated in plateau phase (B). In the same situation, Daun affects more readily the colony-forming ability of exponentially growing cells. The next step was to investigate the effects of IM on the proliferative capacity of growing and non-growing cells. The first experiment on these lines was designed to examine how IM would affect the mitotic activity of a growing cell population during early hours of treatment. The results in Fig. 5 show that IM causes only a 150% depression of the mitotic index, even after a 1Oh contact with cells. In similar conditions, Daun completely inhibited the mitotic activity of growing cells by the 3rd hour of treatment.
In the following experiment we prolonged the exposure of cells to IM up to 24 and 48 h and compared its effects on the proliferative activity in growing and plateau-phase cultures. This time we started the treatment of cells with IM on Table II show that, in control cultures, both the labelling and mitotic indices are high for the first 5 days after plating. On Day 6, however, the labelling index falls to 1.5% and mitotic index to 8-5 x 10-3. These results coincide with the data obtained on monolayer cultures of EMT6 mouse tumour cells (Twentyman and Bleehen, 1975 Before discussing the observed reactions of cells, one important point to be considered concerns the characteristics of the examined cell culture. Detailed kinetic analysis of the plateau-phase cells in a Chinese hamster cell line revealed their close resemblance to cell-renewal populations and tumours in vivo (Mauro et al., 1974a) , indicating that a model system of this type could be particularly useful for studies of cellular effects of chemotherapeutic drugs (Barranco et al., 1973) . A common way of obtaining plateauphase cells in culture is serum deprivation of the nutrient medium (Pardee, 1974; Epifanova, Abuladze and Zosimovskaya, 1975; Holley, 1975) . However, we deliberately avoided this procedure because of the conflicting results obtained on proliferating and non-proliferating Chinese hamster cells with drugs dissolved in either BSS or serum-supplemented medium (Barranco et al., 1973; Hahn et al., 1974) . Another reason for avoiding serum control is that cells chronically deprived of serum become more sensitive to toxic factors (Hahn, 1974) . For similar reasons, we did not induce cell quiescence by other kinds of nutrient starvation, since each of these factors alters the physiological state of cells in its own peculiar way, making the results noncomparable (Kohn, 1975) . We therefore preferred to obtain the plateau-phase population by allowing cells to grow for several days without medium replenishment. Although cells under such conditions may change the medium to some extent by the products of their decay, this cannot account for their different responses to the drugs in comparison with the exponentially growing cells.
A large body of experimental and clinical data indicates a greater sensitivity of proliferating cells than non-proliferating cells to antitumour agents (see Valeriote and van Putten, 1975 for review) . At the same time there are indications (Steel, 1970; Valeriote, 1975) that for most solid tumours the nonproliferating (Go) cell population may be of a significant size. It is accepted therefore that optimal therapy for tumours with a Go cell population requires recruitment of these cells into a proliferative state where they can be killed more effectively by anticancer agents. This does not exclude, however, the possibility of attacking the non-proliferating cells directly.
Indeed, some of the investigated compounds have been reported to damage the non-proliferating cells even more effectively than proliferating cells (Barranco et al., 1973 (Barranco et al., , 1975 Twentyman and Bleehen, 1973; Sutherland, 1974; Bhuyan et al., 1977) . In accordance with these data, we have shown that IM, a purine antimetabolite with immunosuppresive properties, is especially effective in killing plateau-phase cells.
Moreover, IM causes less than 50%0 depression of the labelling and mitotic indices in growing cells, even after a 48h treatment. However, when cells reach the early plateau phase (5 days of growth) where the mitotic and labelling indices are still high, they reveal a much greater sensitivity to IM, which completely suppresses the proliferative activity after a 24h contact with cells.
The mechanism whereby IM differentially affects the growing and nongrowing cells is unclear. The inhibitory action of IM on proliferative activity may be connected with the ability of cells to convert IM into 6-mercaptopurine (6-MP) which is the active metabolite of IM within a cell, blocking the pathways of DNA and RNA synthesis. As previously noted (Gonzalez et at., 1970; Malamud et al., 1972) IM depresses DNA synthesis and cell reproduction in normal and regenerating liver and other organs of rats. However, this can hardly be the cause of preferential cytotoxic action of IM on non-growing cells, since DNA synthesis proceeds in these cells at a very low level.
One plausible explanation of the effects of IM on resting cells is connected with the ability of 6-MP released from IM to prevent the conversion of hypoxanthine to xanthine, while inhibiting xanthine oxidase (Silberman and Wyngarden, 1961) . This may result in a general depression of catabolic pathways of purines in resting cells. According to current knowledge (see Epifanova, 1977 (Cooper, 1972; Abelson et al., 1974) . In this case IM (or its active principle, 6-MP), acting as an antipurine metabolite, may decrease the rate of ribosome production, thereby suppressing protein synthesis and bringing about cell death.
There are indications (Barranco et al., 1973; Hahn et al., 1974) that BLM, like IM, kills non-proliferating cells more readily. In the present study we did not, however, detect any preferential effects of BLM on plateau-phase cells. On the contrary, they were far more resistant to the action of the drug than growing cells, which confirms the data of other authors (Twentyman and Bleehen, 1973; Mauro et al., 1974b; Briganti et al., 1975) . A possible explanation for the observed differences lies in the length of time the cells had been in the plateau phase when the studies were performed. Cultures in early plateau-phase show a lower sensitivity to BLM than those in exponential growth. However, after a longer period in plateau phase the sensitivity becomes greater than that of growing cells (Twentyman and Bleehen, 1975) .
It is essential that we know more about the mechanisms maintaining cells in resting phase, in order to pursue the question of cell response as a function of the proliferative state. Yet the detection of active metabolic processes in resting cells outlines a possible way in which such cells may be affected without their preliminary recruitment into the cell cycle. 
